Abstract. Most of the high-quality astronomical data after a proprietary period of typically one year are provided to open access, allowing researchers to complement their observations with the archival data in other wavelength bands, thus improving quality of the data analysis. This paper presents one example of such a use -studies of the reverse shock front passing through an oxygen-rich material in the young supernova remnant Cassiopeia A. The paper is based on the contribution to the
INTRODUCTION
For studies of astronomical objects, multi-wavelength or multi-epoch data are often needed. Such data are difficult to obtain from observations, as this requires use of different telescopes and differing techniques, and this increases the time from the initial proposal to the scientific results. To overcome this difficulty, virtual observatories (e.g., European Virtual Observatory 1 , National Virtual Observatory 2 and many others) have been created and are currently of common use by astronomers. They provide the identification of and access to the archival data from many surveys and individual observations, allowing to easily overview existing information on objects and properties that are being studied. All this wealth of information is open to anyone interested to study it.
The existence of such easily accessible open data archives considerably increases the use of the wide-field and all-sky surveys, as they can later be used for many comparative observations. Also the data from many dedicated pointed observations are not analyzed enough to extract their full potential. In many cases, the data of pointed observations have been used only for a specific goal of the proposal (e.g., astrometry, or study of a single object out of many in the field of view). Such archival data may be successfully used for a new research and discoveries. The possibility to combine the data from different wavelength regions is especially important.
The goal of this paper is to show an example of the use of open-access archival data for astrophysical studies of the young supernova remnant Cassiopeia A (Cas A). This object has been extensively studied in radio (e.g., Baars et al. 1977) , submillimeter (e.g., Dunne et al. 2003) , infrared (e.g., Rho et al. 2008) , optical (e.g., Reed et al. 1995) , X-ray (e.g., Hughes et al. 2000) and gamma-ray (e.g., Iyudin et al. 1994) ranges.
Cas A is a young (age of about 340 yr) shell-type remnant of a type IIb supernova located near Galactic plane at a distance about 3.4 kpc. It is one of the brightest sources in the radio sky, a very bright X-ray source, but its visible emission is relatively weak. Its optical and near-infrared spectrum is dominated by emission lines from the metal-dominated emission knots being crossed by the reverse shock, whereas far-infrared to sub-millimeter spectrum is dominated by a warm and cold dust emission (e.g., Barlow et al. 2010) .
In this paper, we review various types of the archival observational data and show how they may be combined for a successful scientific analysis.
TYPES OF ARCHIVAL OBSERVATION DATA
The archival observations may be of different processing level, determining an effort which should be put into creating the results of scientific quality from the data. Usually, "Level 0" denotes the raw uncalibrated instrumental data, and progressively higher level numbers denote the data which are pre-processed (bad pixels, hot pixels, glitches, etc. removed) and processed (converted from instrumental to physical units, e.g., from electrons per pixel to W/cm 2 /nm/sr). Here is the list of examples of the data types of the archival data. Light curve. This is a one-dimensional dependence of intensity from time in some spectral filter integrated over certain angular aperture.
Spectrum. This is an one-dimensional distribution of intensity over wavelength (or, equivalently, energy) integrated over a certain angular aperture.
Photometric map. This is a two-dimensional distribution of intensity in some spectral filter over certain celestial region.
Data cube. This is a three-dimensional data representation, combining properties of a spectrum and a map. For each pixel of the map, a spectrum is available. Care should be taken in analysis of the spectra from this data type, as point spread function of a diffraction-limited instrument is dependent on the wavelength. This data type is typical for modern infrared instruments, such as the IRS instrument of the Spitzer Space Telescope and the PACS instrument of the Herschel Space Observatory.
Event list. In this data type, usually for the X-ray telescopes operating in the photon counting mode, for each detected photon its arrival time, energy and position are stored. The result is a one-dimensional sequence of "events" which represents however a four-dimensional distribution over these parameters. This data type enables to obtain (1) an object spectrum by selecting angular aperture and summing over time, (2) an object map by summing over energies and time, or (3) a light curve by summing over energy.
The images of the Cas A obtained from different data types are presented on Figures 1-4 .
To be compared directly, the observation data from different sources should be Fig. 1 . An example of processing the raw observation data. To obtain this 5 GHz radio brightness map of the Cas A (ObsID AR0435), the raw archival data from different configurations of the Very Large Array (VLA) radio telescopes had to be combined and correlated, bad data detected and removed, then a source model had to be created using the CLEAN algorithm. This requires detailed understanding of the telescope operation and the data processing. converted to the same type and binned to the same angular regions with the same point spread function (PSF). As typically all the data are present in the FITS 3 This processing usually includes rebinning to fine sub-pixels to exclude angular resolution worsening in the further processing, transformation to the common coordinate system, convolution to the same angular resolution (or, rather, to the same PSF), and finally rebinning to the same pixel size. Functions to perform these operations are either contained in the CFITSIO library, or may be easily constructed using functionality of this library.
ARCHIVAL OBSERVATIONS OF THE CASSIOPEIA A
The high-quality observations of the Cas A, illustrated on Figures 1-4 , were performed for specific purposes of studying kinematics and chemistry of the ejecta, dust formation and destruction in the supernova, electron acceleration on the shock front, supernova remnant evolution, etc. However, these sets of data, when analyzed jointly, allow also other types of scientific analysis.
In our paper (Docenko & Sunyaev 2010) , we have studied jointly the observational data from visible, near-, mid-and far-infrared spectroscopy to infer the structure of the reverse shock passing through the dense oxygen-dominated ejecta knots. This became possible only thanks to analysis of the data from all of these wavelength ranges. For example, the absence of the far-infrared [O I] 145.5 µm line allowed us to exclude electron densities below 2 × 10 5 cm −3 in the post-shock photo-ionized region prior to the shock-induced cloud disruption, and the combination of near-infrared and mid-infrared [Fe II] lines at 1.3209 µm and 17.94 µm allowed then to determine exactly its mean temperature to be about 1750 K. Relative intensities of spectral lines allowed us to recover chemical composition, physical conditions and geometrical structure of the Cas A supernova remnant reverse shock.
SUMMARY AND CONCLUSIONS
The use of the archival data sometimes may be sufficient to test the new ideas about the mechanism of certain astrophysical processes. If the new observations are made, archival data can be used for comparison and, in many cases, for gaining additional insight into the processes occurring in the astrophysical object under study. At present, this task is facilitated considerably by the use of virtual observatories and is becoming a standard way in astronomer's work. The paper summarizes various processing levels and types of the archival data and shows their application on the example of the Cas A young supernova remnant.
It is shown that the combination of multi-wavelength data of Cas A obtained in different observational campaigns allows performing a scientific analysis (in this case, determination of the structure of the reverse shock passing through a dense oxygen-dominated ejecta knots) which cannot be performed on the data from any single observational campaign.
